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INTRODUCTION
Diabetes Mellitus (DM) is a widespread metabolic disorder that has significant adverse effects on vital organs (Kumar et al., 2009) . DM also has damaging effects on male sexual function, resulting in impotency, reduced libido, and sterility arising from reduced insulin secretion (Cai et al., 2014) . Hyperglycemia in DM-impaired protein function causes histopathological changes in the germinal gonads such as prostate and epididymis (Soudamani et al., 2005a; Agarwal et al., 2006) .
The prostate is an accessory genital gland found only in mammals. In rats, the prostatic epithelium consists of two cell types, viz. the Basal and Acinar or Principal cells that are vulnerable to damage in DM (Soudamani et al., 2005a) . Over the long term, large amounts of free radicals generated in DM can cause damage to body tissues (Sujatha & Shalin, 2012) .
Insulin plays a key role in the body's metabolism. Accordingly, insulin is one of the most widely used drugs in the treatment of diabetes (Rossetti et al., 1987) in spite of some inherent disadvantages. For example, the drug has a relatively short shelf life and needs to be stored at a low temperature. It cannot be administered orally and fatal hypoglycemia can result from over-dosage. For these reasons, researchers have been trying to find suitable alternatives to insulin using synthetic and plant resources (Hosseyni et al., 2012; Mazloom et al., 2013) .
Garden cress or GC (Lepidium sativum) that belongs to the family Cruciferae is an annual plant that grows to 30 cm high. This plant is a rich natural source of flavonoids, coumarins, sulphur glycosides, triterpenes, sterols, and various imidazole alkaloids (Eddouks et al., 2005; Haddad-Kashani et al., 2012; Sharrif-Moghaddasi et al., 2012) . There is a lack of information about the effect of GC seed extracts on DM, especially regarding the effect on the ventral lobe of the prostate. Complications of DM have resulted in high medical costs incurred by the Iranian government, and this is among the reasons for our undertaking a study designed to appraise the protective effect of an alcoholic seed extract of GC on histopathological changes of the ventral lobe of the prostate gland of STZ-induced diabetic rats.
MATERIAL AND METHOD

Induction of Diabetes.
After an overnight fasting, rats were injected intraperitoneally (IP) with a single dose of 60 mg/ kg body weight of streptozotocine (STZ‚ Sigma-Aldrich‚ USA. To prepare the solution, 10 mg of STZ was dissolved in 0.1 mL of 0.1 M citrate buffer‚ PH 4.5. Three days after STZ treatment‚ blood glucose level was measured by an Easy glucometer (Beurer GL40‚ Hungary). Rats with polyuria and blood sugar levels exceeding 250 mg/dl were considered diabetic (Soudamani et al., 2005b) .
Garden cress (GC) seed extract. GC seeds were obtained from Barij Essence Company in Kashan‚ Iran. To prepare the alcoholic extract, 500 g of GC seeds were ground and mixed completely in 96 % ethanol for 24 hours. The mixture was filtered and ethanol was added before standing for another 12 hours and filtered again. The resulting material was dried in a 50 °C oven. The dried extract was weighed and solutions of 200 and 400 mg/kg in distilled water were prepared.
Animal experiments. Fifty healthy adult male albino Wistar strain rats (Kashan University of Medical Sciences, Kashan, Iran) 8 weeks old and weighing 280-320 g were maintained in a temperature-controlled room with a 12h/12h light/dark schedule and provided with standard rat pelleted diet and water. The experiments were approved by the university's Animal Research Committee.
Experimental design. Fifty rats were randomly categorized into five groups of ten animals. Group 1 comprised healthy animals that received 0.1 mL of saline by stomach gavage to reflect the effect of gavage on the animals. Group 2 consisted of diabetic rats that received no further treatment. In Group 3, diabetic rats received daily subcutaneous injections insulin (Sigma-Aldrich‚ USA), once in the morning (10 a.m., 2 U) and again in the afternoon (4p.m., 4 U) (Soudamani et al., 2005b; Pinheiro et al., 2011) . Groups 4 and 5 comprised diabetic rats that received respectively 200 and 400 mg/kg of GC seed extract by stomach gavage for 28 days.
Tissue sample collection and processing. Four weeks and 24 h after the last dose of treatment, the animals were weighed and anesthetized with chloroform. Blood samples were collected from the heart ventricle for the measurement of the fasting blood sugar (FBS) level. The ventral lobe of the prostate gland was carefully dissected out‚ cleaned of adhering fats and connective tissues, and weighed. Samples were fixed in Bouin's fluid for histological examination. The tissue samples were then processed (Shandon Eliot model) to prepare paraffin blocks. Histological sections (5 mm) were stained with Hematoxylin and Eosin (H&E) (Mohamadi et al., 2014) .
Histological examination
Morphometric studies. Microscope sections of the ventral lobe of the prostate were examined under an inverted microscope (Nikon Inverted Microscope Eclipse Ti with DS camera control Unit Ds-L2) equipped with a square lattice containing 121 intersections to determine volume density (Weibel & Paumgartner, 1978) . For each animal‚ morphometric studies were performed on five sections (Mahabadi et al., 2013; Mahabadi et al., 2016) .
Prostate tubules and lumen. The mean diameter of the tubule and lumen of the prostate was determined in 5 random tubules using an oculometer. The mean diameter of the tubule was measured as: Mean tubule diameter = (length + breadth of the tubule) / 2). The mean diameter of the lumen was measured as: Mean lumen diameter = mean diameter of tubule -(2 x diameter of epithelium).
The epithelium height and fibromuscular thickness of the tubules were determined by a Nikon microscope.
Volume density (Vv). The point-counting method was used to measure the volume density of the whole tubule‚ lumen‚ epithelium, and interstitial tissue. The volume density was obtained by dividing the number of points on a tissue compartment (PN) by the total number of points (Ptn). Volume density was determined in X100 with the following formula (Romppanen et al., 1980) .
Vv = PN/ptn
Statistical analysis. Statistical analyses were carried out by ANOVA and post hoc test such as Tukey's HS and Dunnett's T3 test using SPSS 12 software. A P-value of p ≤0.05 was considered as significant.
RESULTS
Body and prostate gland weight. Table I compares the effects of STZ-induced diabetes, GC seed extract treatment, and insulin replacement on body and prostate weight. The results showed that induction of diabetes with STZ significantly reduced the body and prostate weight, whereas the administration of 200 mg/kg GC seed extract preserved the weight of the prostate partially.
Fasting Blood Sugar (FBS).
In diabetic rats‚ FBS level was significantly increased but administration of 200 mg/kg GC seed extract decreased FBS significantly. Table 1 shows the changes of FBS in the different treatment groups.
Histopathological findings. Histopathological changes that were observed included a decrease in prostate epithelium height‚ density of epithelium‚ and increase in fibromuscular thickness and density of interstitial in STZ-diabetic rats ( Fig. 1 ). Table II shows the mean values for the epithelium‚ fibromuscular layer thickness‚ diameter of the tubule and lumen, and volume density of epithelium‚ fibromuscular‚ lumen and interstitial tissues in the ventral lobe of the prostate. In the STZ-diabetes group, epithelium thickness significantly decreased while fibromuscular layer thickness significantly increased.
However, these changes were significantly reduced in the GC-treated groups. In the GC 200 and 400 mg/kg groups in comparison with the STZ-treated group‚ not only did epithelium height increase significantly, but there was also significant decrease in fibromuscular thickness. Other changes in histopathological parameters are shown in Table II .
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DISCUSSION
To the best of our knowledge, this is the first study investigating the protective effects of GC seed extract against the STZ-induced side effects of the prostate (a simulation of the diabetic condition) in the rat model. The purpose of the study was to examine the effect of GC seed extract applied at 200 and 400 mg⁄kg on histopathological changes of the prostate and blood glucose in STZ-induced diabetic rats. A comparison was also made with the application of insulin in diabetic rats.
Our study demonstrated that stomach gavage of GC seed extract 200 mg/kg to diabetic rat reduced blood glucose significantly and increased various histology parameters, particularly the diameter of the prostate epithelium. The increase in the epithelium might be due to high amounts of antioxidant of GC such as flavonoids, coumarins, sulphur glycosides, triterpenes, sterols and various imidazole alkaloids (Eddouks et al.) and vitamins B, C, D and E that are present in the seed extract (Schultz & Gmelin, 1952) .
Several previous studies have reported the positive effect of antioxidants on the reproductive system. Al- Sa'aidi et al. (2009) demonstrated that antioxidants in alcoholic extract of Nigella sativa, such as vitamins A, B and C could increase fertility in male rats. MA Shalaby & Mouneir (2010) reported antioxidants available in Zingiber officinale root and Cinnamon zeynalicum bark could increase parameters of sperm such as sperm motility, sperm count and viability in alloxan-diabetes rats (Shalaby & Mouneir) . Saber A. Sakr & Nooh (2013) who studied the effect of Ocimum basilicum extract on cadmium-induced diabetes detected an improvement in testes tissue such as mean tubular diameter and germ cell height that attributed to the antioxidant properties of the plant (Sakr & Nooh) . Aghaei et al. (2014) demonstrated the effect of pumpkin seed extract in cyclophosphamide-treated rats. Vacuolization, disorganization, and separation of epididymal epithelium improved remarkably following the administration of the extract. These changes that were attributed to the presence of antioxidants such as vitamin C, vitamin E and vitamin A in pumpkin seed (Aghaei et al.) are in agreement with the findings in our study that antioxidants in GC play major roles in protecting prostate gland tissues from histopathological damage.
GC at 200 mg⁄kg significantly maintained the histoarchitecture of the ventral prostate in STZ-treated rats. The higher dose of 400 mg/kg achieved this effect partially. Our results are also in agreement with those of Naji & Shumran (2013) . In a study on the testicular and epididymal tissues of rabbits, they showed that consumption of an alcoholic extract of GC seeds at 96 mg⁄kg significantly raised the concentration of sperm and induced other histological changes on the testes and epididymis. These effects were believed to be related to vitamin E found in in GC seeds (Naji & Shumran) . Shukia et al. (2000) reported that alcohol-soluble compound, Allicine, in GC seed extract caused a significant increase in
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Reactive oxygen species (ROS) produced in mitochondria are considered as by-products of normal oxidative metabolism that become altered in DM (Raha & Robinson, 2001 ). Khaki et al. (2012) studied the effects of onion (Allium cepa) and ginger (Zingiber officinale) on the sexual behavior of rats after treatment with an antiepileptic drug (lamotrigine). They observed that Vitamins C, E, and B were useful in reducing the toxic effects of free radicals on genital gonads (Khaki et al.) .
Our results showed a decrease in blood glucose level after administration of GC seed. We believe the effect could be due to presence of alkaloids, flavonoids, cysteine and glycine. In another study by Amawi & Aljamal (2012) , administration of 20 mg⁄kg GC seed extract significantly decreased blood sugar (by 30 %), cholesterol (by 22 %), triglycerides (by 25 %) and LDL (by 23 %) in diabetic rats due to the antioxidant compounds in GC seeds (Amawi & Aljamal) . Potential nephron-curative, nephron-protective and in vivo antioxidant potential of GC at 200 mg⁄kg and 400 mg⁄kg against Cisplain that induced nephrotoxicity was shown by Yadav et al. (2010) . Antioxidants of GC such as alkaloids, flavonoids, cysteine and glycine have blood glucose-reducing properties as that shown in our study.
Consumption GC seed extract at 200 mg⁄kg increased the weight of prostate gland. This could be explained by the fact that seeds of GC have disulfide compounds that are similar to Insulin, which is also a disulfide compound (Tocmo et al., 2015) . One interesting finding in the present study was that the consumption of GC at 400 mg⁄kg decreased the weight of the prostate while body weight was increased. Similarly, hyper doses of GC have a reverse effect on genital gonads as described by Meikle et al. (1996) . In another example, high doses of oleic acid inhibited cholesterol esterase that is essential for the synthesis of testosterone in the Leydig cells. The concentration of cholesterol in the Leydig cells and cholesterol esterase activity in the cytosol and mitochondria were also reduced. There is a good possibility that the use of essential fatty acids in high concentrations can have the reverse effect on the gonads (Meikle et al.) .
Insulin treatment of diabetic rats significantly raised the body and prostate weight and gave rise to histology effects such as an increase in the epithelium diameter and the volume density of epithelium. These findings are consistent with those from the study of Bahey et al. (2014) where the histoarchitecture of the prostate anterior lobe was restored, with the epithelium height increased and the mast cell count raised in diabetic rats following insulin treatment. Wagner et al. (2010) demonstrated that a combination of insulin and steroid hormones partially revived hormonal and angiogenenic imbalance created by DM (Fávaro & Cagnon, 2010) . Sergio et al. (2014) studied the effect of insulin on the function and secretion of the prostate of fetuses in maternal diabetic rats. Their finding showed that insulin applied to maternal diabetic rats restored prostate histology and secretion (Santos et al., 2014) . Partial maintenance of serum androgens such as testosterone, estradiol, and prolactin in insulin treated rats might be responsible for the maintenance of the histoarchitecture of the ventral prostate as reported by Sudha et al. (1999) .
In the present study, our results showed that DM in rats showed a decrease in body and prostate weight. Increased blood glucose in diabetic rats gave rise to vacuoles and shrinkage in the basal membrane. Our results are also in agreement with those of Kamani et al. (2016) that demonstrated vacuoles and separation of epididymis epithelium in streptozotocin-diabetic rats. Soudamani et al. (2005a) who reported that experimental diabetes had adverse effects on the differentiation of the ventral prostate during sexual maturation of rats. They showed shrinkage of the epithelium in the prostate that arise from DM (Soudamani et al., 2005a) . ROS and antioxidants are in balance in the healthy body. In an oxidative disorder such as DM, however, this balance is disrupted, resulting in increased ROS production that causes cell damage and oxidative stress (Agarwal et al., 2008) . Several toxic effects of DM on the epididymis and testes related to oxidative stress and radical production that are in agreement to our findings are reported here (Navarro-Casado et al., 2010) .
Our finding showed that consumption of 200 and 400 mg⁄kg GC could protect the prostate from various side-effects of DM such as vacuolization, shrinkage and separation of epithelium. Our results are in agreement with the findings of Thnaian Althnaian (2014) who examined the effect of a dietary supplementation of GC seeds on liver histopathology in rats fed on a high cholesterol diet. They showed that the administration of 6 g⁄kg GC seeds restored histopathology of the liver in aspects such as vacuolization, fatty changes, fatty cyst and lobular disarray (Althnaian) . In our study, administration of GC seed extract (200 and 400 mg⁄kg) to diabetic rats provided protection against adverse histological parameters of the prostate. Antioxidant compounds in GC seeds could be responsible for this effect. Additional studies involving biochemical factors such as HbA1c, total antioxidant capacity (TAC) and reactive oxygen species (ROS) could throw further light on the beneficial effects of GC seed extracts in the treatment of DM.
CONCLUSION
Administration of GC seed extract protected rats from STZ-induced side effects observable in prostate histology. These effects might have occurred through the prevention of oxidative stress. Pending clinical trials that should be undertaken in the future, GC seed extract as a supplementation to insulin treatment might similarly provide a protective effect in DM. While our results indicated an antidiabetic effect of GC, the dosage of the herbal medicine was shown to be an important factor since the beneficial effects could be lost due to over-dosage. 
RESUMEN:
La diabetes mellitus es una enfermedad metabólica común y grave que ocurre en todo el mundo y que puede conducir a la infertilidad masculina. Se han utilizado varias plantas en el tratamiento de la diabetes. En este estudio se evalúa el efecto del extracto de semilla de Lepidium sativum sobre los niveles de azúcar en sangre, en ayunas, por su efecto protector sobre los cambios histopatológicos en la próstata ventral, de ratas diabéticas inducidas por estreptozotocina (STZ). Cincuenta ratas Wistar adultas fueron divididas aleatoriamente en cinco grupos. El grupo 1 fue el grupo placebo, de control, en el que las ratas recibieron sólo 0,1 ml de solución salina normal mediante sondas gástricas. Las ratas del grupo 2 recibieron una inyección intraperitoneal de 60 mg / kg de peso corporal de STZ y aquellas con FBS> 250 mg / dl se consideraron diabéticas. En el grupo 3, las ratas diabéticas recibieron insulina (3 U / 100 g de peso corporal) mientras que en los grupos 4 y 5 las ratas diabéticas recibieron 0,1 ml de 200 y 400 mg / kg respectivamente de un extracto etanólico de semillas de Lepidium sativum por gavage diariamente. La próstata se retiró y se pesó antes de transferir a una solución de Bouin para realizar estudios histológicos. La administración de las dosis de 200 y 400 mg / kg de extracto de semilla de Lepidium sativum aumentó la altura del epitelio y disminuyó la densidad volumétrica intersticial y el espesor fibromuscular de la próstata, significativamente. Además, la densidad volumétrica del epitelio fibromuscular, del lumen y el intersticio de los tejidos sufrieron modificaciones significativas. Los resultados sugieren que el extracto de semilla de Lepidium sativum posee efectos beneficiosos como agente protector contra los efectos perjudiciales de la diabetes en el sistema reproductivo de las ratas macho diabéticas.
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